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We establish a nonminimal Einstein- Yang-Mills-Higgs model, which contains six coupling 
parameters. First three parameters relate to the nonminimal coupling of non-Abelian 
gauge field and gravity field, two parameters describe the so-called derivative nonmini- 
mal coupling of scalar multiplet with gravity field, and the sixth parameter introduces 
the standard coupling of scalar field with Ricci scalar. The formulated six-parameter non- 
minimal Einstein- Yang-Mills-Higgs model is applied to cosmology. We show that there 
exists a unique exact cosmological solution of the de Sitter type for a special choice of 
the coupling parameters. The nonminimally extended Yang-Mills and Higgs equations 
are satisfied for arbitrary gauge and scalar fields, when the coupling parameters are 
specifically related to the curvature constant of the isotropic spacetime. Basing on this 
special exact solution we discuss the problem of a hidden anisotropy of the Yang-Mills 
field, and give an explicit example, when the nonminimal coupling effectively screens the 
anisotropy induced by the Yang-Mills field and thus restores the isotropy of the model. 

Keywords: Nonminimal interaction; Yang-Mills-Higgs theory; isotropic cosmological 
model. 



1. Introduction 

The discussion of a nonminimal coupling (NMC) of gravity with fields and media 
has a long history. The most intensely this topic has been studied in connection 
with the problem of nonminimal coupling of gravity and scalar field, which has nu- 
merous cosmological applications. The details of the investigations of this problem 



2 A. B. Balakin, H. Dehnen and A. E. Zayats 



are discussed, e.g., in the review of Faraoni et all^ The development of the theory 
of NMC of gravity and scalar field cj) has started by the introduction of the term 
^.(jy^R to the Lagrangian {R is the Ricci scalar). In Ref. [2]the special choice ^ = 1/6 
has been motivated by the conformal invariance; in Ref. [3]this quantity was consid- 
ered as an arbitrary parameter of the model. Such a model has been widely used 
for the cosmological applications, in which ^ played a role of extra parameter of 
inflation (see, e.g., Refs.dHHI)- In Refs. lTUHTSI the gauge-invariant term Q;4>^$i? has 
been introduced instead of £,(f>^R in the context of non-Abelian gauge theory is a 
multiplet of scalar complex Higgs fields interacting with gravity and spinor matter.) 
Subsequent generalizations have been related to the replacement of by the func- 
tion /(<i>^) (see, e.g., Refs. lT4HT7|) . as well as, to the inserting of the terms of the type 
F($^,7?.) both linear and nonlinear in the Ricci scalar, Ricci and Riemann tensors 
(see, e.g., Refs. il8ri20j) . The idea of nonminimal derivative coupling introduced in 
Ref. [21] and developed further in Refs. 122) f23l has enriched the NMC modeling by the 
terms (jjjij..- Nonminimal cosmological models based on the formalism of derivative 
coupling are the multi-parameter ones and have supplementary abilities for a fitting 
of observational data. Let us note that the NMC of gravity and scalar field leads to 
the modifications of both the Klein-Gordon and the Einstein equations, and such 
modifications are of interest for various inflation scenarios. Thus, the modeling of 
nonminimal interactions of scalar and gravitational fields is one of the well estab- 
lished and physically motivated branch of modern cosmology. Natural extension of 
the nonminimal theory from the models with scalar fields coupled to curvature to 
the models describing scalar fields interacting with gauge fields has the same sound 
motivation and can disclose new aspects of cosmological dynamics. 

The study of the nonminimal coupling of gravity with electromagnetic field has 
another motivation and another history. In 1971 Prasanngi^S introduced the invari- 
ant R^'"""'FikFmn (i?''^'"" is the Riemann tensor, Fik is the Maxwell tensor) as a 
possible element of a Lagrangian, and then in Ref. [25] obtained the corresponding 
nonminimal one-parameter modification of the Einstein-Maxwell equations. In 1979 
Novello and SalirrP^ proposed to insert the gauge non-invariant terms RA'^Ak and 
R^^AiAk in the Lagrangian {Ak is an electromagnetic potential four- vector). A qual- 
itatively new step has been made by Drummond and Hathrell in Ref. I27|, where the 
one-loop corrections to the quantum electrodynamics (QED) are obtained, which 
take into account the nonminimal coupling of gravity and electromagnetism. The 
Lagrangian of such a theory happens to contain three fundamental J7(l)-gauge- 
invariant scalars i?'''""F,fcF™„, i?*''g""F™i^fe„ and i?i^„„i^"" with coefficients 
reciprocal to the square of the electron mass. This Lagrangian had no arbitrary 
parameters, but curvature induced modifications of the electrodynamic equations 
gave the impetus to wide discussions about the formal structure of the nonminimal 
Lagrangian, basic evolutionary equations, breaking the conformal invariance and 
the properties of the photons, coupled to curvature in different gravitational back- 
grounds (see, e.g., Refs. [28^38]) . The last paper revived, as well, the interest to the 
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paradigm: curvature coupling and equivalence principle, various aspects of which 
are now discussed (see, e.g., Refs. |39l |40]). The QED-motivation of the use of the 
generalize d Max well equations can also be found in the papers of Kostelecky and 
colleagues .l^lEll xhe effect of birefringence induced by curvature, first discussed in 
Ref. [27l and some of its consequences for the electrodynamic systems have been 
investigated in Refs. I43H461 for the case of pp-wave background. The generalization 
of the idea of nonminimal interactions to the case of torsion coupled to the elec- 
tromagnetic field has been made in Refs. |47l |48] (see, also, Ref. [49] for a review on 
the problem). To summarize we stress that the study of electrodynamic systems 
nonminimally coupled to the gravity field poses a natural question about curva- 
ture induced variations of photon velocity in the cosmological background. Since 
the interpretation of observational data in cosmology depends essentially on the ve- 
locity of photon propagation during different cosmological epochs, the modeling of 
nonminimal electrodynamic phenomena seems to be well motivated and interesting 
from physical point of view. 

Concerning the nonminimal Einstein- Yang- Mills (EYM) theory, we can distin- 
guish between two different ways to establish it. The first way is the direct non- 
minimal generalization of the Einstein- Yang-Mills (EYM) theory. In the framework 
of this approach HorndeskP^ and Miiller-Hoisseri^ obtained the nonminimal one- 
parameter EYM model from a dimensional reduction of the Gauss-Bonnet action. 
Now the Gauss-Bonnet models are of great interest in connection with the problem 
of dark energy (see, e.g., the Gauss-Bonnet model with nonmimmal scalar fieldSll). 
Thus, the non-Abelian multi-parameter extensions of nonminimal models are also 
well motivated, since they give a chance to explain the accelerated expansion of 
the Universe without addressing to exotic substance. We follow the alternative way, 
which is connected with a non-Abelian generalization of the nonminimal Einstein- 
Maxwell theory along the lines proposed by Drummond and HathrelP^I for the 
linear electrodynamics. Based on the results of Ref. 53 a three-parameter gauge- 
invariant nonminimal EYM model linear in curvature is considered ISSHnU Our goal 
is to formulate a nonminimal Einstein- Yang-Mills-Higgs (EYMH) theory, and this 
process, of course, also admits different approaches. In fact, the nonminimal EYMH 
theory should accumulate the ideas and methods both from the nonminimally ex- 
tended EYM theory and from the nonminimally extended scalar field theory. Initial 
attempt to develop nonminimal EYMH theory can be found, for instance, in Ref. l59l 
where the scalar Higgs field is nonminimally coupled with gravity via term, 
and the Higgs field $ is included into the Lagrangian of the Yang-Mills field in a 
composition with a square of the Yang-Mills potential: ^'^ A'^j^^ A'l^^y Such a theory 
is not gauge-invariant. 

In this paper we establish a new six-parameter nonminimal Einstein- Yang-Mills- 
Higgs model. First three coupling parameters, qi, 52 and (73, describe a nonminimal 
interaction of Yang-Mills field and gravitational field. The fourth and fifth param- 
eters, (74 and describe the so-called gauge- invariant nonminimal derivative cou- 
pling of the Higgs field with gravity. Since the gauge-invariant derivative, D„i^^°'\ 
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contains the potential of the Yang-Mills field, the corresponding nonminimal term 
is associated with "triple" interaction, namely, gravitational and scalar fields, gauge 
and scalar fields, and gauge and gravitational fields. The sixth parameter, ^, is the 
well-known coupling parameter nonminimally connecting gravitational and scalar 
fields via the term ^i?<i>^. Of course, this model is only one of a wide class of the 
nonminimal EYMH models. As for its motivation and possible physical applica- 
tions, one can see that on the one hand, the interest to a six-parameter nonminimal 
EYMH model is based on the sound results obtained earlier in the framework of 
partial nonminimal models (Einstein-Maxwell, Einstein- Yang-Mills and scalar field 
theories), on the other hand, the six-parameter model under discussion shows new 
specific solutions of cosmological type, which can not appear in more simple models. 

The paper is organized as follows. In Sec. [2] we formulate the nonminimal EYMH 
model, which contains six phenomenological coupling parameters, and establish the 
nonminimally extended Yang-Mills, Higgs and Einstein equations. In Sec. [3] we 
apply the introduced master equations to the spacetime with constant curvature 
and obtain the specific relationships between coupling constants, which turn the 
extended equations for the gauge field and scalar field into identities. In Subsec. 
13.31 we discuss the exact solutions to the nonminimal EYMH equations attributed 
to the isotropic cosmological model with Yang-Mills field, characterized by hidden 
anisotropy. 

2. The formalism of the nonminimal EYMH theory 
2.1. Minimal EYMH theory and basic definitions 

The minimal Einstein- Yang-Mills-Higgs theory can be formulated in terms of the 
action functional 

^(EYMH) = J d^xV^jl + - ^„$(«)^™<i>(„) + , (1) 

where g = det{gik) is the determinant of a metric tensor gik, R is the Ricci scalar, 
Latin indices run from to 3. The symbol denotes the multiplet of the Higgs 
scalar fields, is a potential of the Higgs field and <i>^ = Let us 

mention that there are two formal variants to introduce the cosmological constant 
into the action ([I]): first, explicitly as an additional term second, as a term ^(0) 
in the decomposition 

9 A 

V{<^^) = _ + ^ c^$4 _^ . . . (2) 

K 

Below we consider the second variant. Following Ref. 1)0l, Section 4.3, we consider 
the Yang-Mills field Fm„ and the Higgs field $ taking values in the Lie algebra of 
the gauge group SU{n): 

F„™ = -zgt(,)Fi''2 , A,,, = -igt(a)At\ * = t(„)$(''). (3) 
Here t((i) are the Hermitian traceless generators of SU{n) group, the constant Q is 
the strength of the gauge coupling, Fml, A^'m and are real fields {A^'m represents 
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the Yang-Mills field potential) and the group index (a) runs from 1 to rt^ — 1. The 
symmetric tensor G(^a)(b) = 2Tr t^^-jt^j-) plays a role of a metric in the group space 
so that, e.g., = G(^a){b)^^''^ ■ The Yang-Mills fields Fml are connected with the 
potentials of the gauge field A'f ^ by the well-known formula (see, e.g., Refs. [5UH5^ 




Here Vm is a covariant spacetime derivative, the symbols / ({j^^^-j denote the real 
structure constants of the gauge group SU{n). The gauge-invariant derivative is 
defined according to the formula (Ref. HOI Eqs.(4.46, 4.47)) 

D^^^-^ = V™<f f'^) + . (5) 

For the derivative of arbitrary tensor defined in the group space we use the following 

rum 

The commutator and anticommutator of the generators t^jt) take the form 

[t(a),t(f,)] = if^(l){b)^ic} , (7) 
{t(a),t(&)} = t(a)t(f,) -I- t(f,)t(a) = -G(a){b)l + d^fa){b)Hc)' (§) 

where d(c)(a)(6) the completely symmetric coefficients and I is the unitary matrix. 
The metric G(^a){b): the structure constants /^°^)(f,) and the coefficients are 

supposed to be constant tensors in standard and covariant mannei!^. This means 
that 

5mG(a)(6) = , = , a^d^j^J^^^j = , 

^™G(,)(,)=0, -0, =0. (9) 

2.2. Nonminimal extension of the Lagrangian 

Any version of nonminimal generalization of the Lagrangian of the EYMH theory is 
based on the choice of the set of admissible invariants. The classification of the Yang- 
Mills fields based on the invariant polynomials in the pj^^^ tensor has been made 
in Ref. [64l Nonlinear constitutive equations for Yang-Mills field along a line of the 
Born-Infeld theory has been first discussed in Ref. [65] (see, also, e.g., Ref. [66|) . Pos- 
sessing the tensorial quantities ^i"-) ^ Di^^'^\ j^ikmn^ j^ik^ construct 
a variety of gauge invariant scalars both minimal and nonminimal. This procedure 
has been discussed in the framework of scalar field theory and electrodynamics (see 
Introduction and references therein) . Einstein- Yang-Mills-Higgs theory possesses an 
extended set of basic elements for such a representation, thus, a number of candi- 
dates to be included into a Lagrangian is much bigger. For instance, in order to 
couple the group indices (a) and (b) in the product F^^^ Fmn, we can use, first, the 



6 A. B. Balakin, H. Dehnen and A. E. Zayats 



standard convolution procedure, based on metric G(a)(6), second, the projections 
onto or I)j $ (a) Z)s $((,), third, the convolution with symmet- 

^(a)(6)(c)< 



ric tensors d(„,-)(hVr)^^''\ d(^a){b){c)Dj^^''\ or with antisymmetric tensors /^(o)(6)*(c)> 



f^{a){b)^o^{c)- "^^^ corresponding examples of the scalar invariants, admissible for 
including into the nonminimal Lagrangian are 



1 



+ (A$(a))(^'$(6))*3($') + d(„)(M(,)$W(D'$(^))(A$(''')*4($') + . . .1 , (10) 



'Tyikmn jpi^) 

''^{11) ^ik 



(11) 



7^ 



1/7/) {5im(^fc$('^^)(^n$('^) 



G 



(a)(fe)+a(a)(b)(c 



+ (A$(«))(^fe$(''))(A„$(^))(A.$('^))/.<f)(,)/(.)(c)(d)*8($') + ...}. (12) 

Here vPi, 4'2, ■ ■ ■ , ^'s are arbitrary functions of their argument, and the tensors 
^ifemri^ jl^kmn Considered to be appropriate linear combinations 

of the Riemann tensor and its convolutions with phcnomenological coupling con- 
stants gi, g2, • ■ • , qj- These constants are treated to be independent and have a 
dimensionality of area. Below the examples of such tensors are presented explicitly. 

In this paper we restrict ourselves to the consideration of a Lagrangian, which 
satisiy the following requirements: the EYMH Lagrangian is a gauge invariant scalar 
linear in a spacetime curvature, quadratic in the Yang-Mills field strength tensor 
F^^^ and depending on the first derivative of the Higgs field only. In addition, in this 
paper we consider the convolutions of the standard type only, i.e., the terms includ- 
ing G{^a){b)F\k F^mn^ ^( 

a) etc. We intend to consider more sophisticated 
models in future papers. 

2.3. Explicit example of nonminimal gauge-invariant Lagrangian 

Consider now an action functional 

Vmeymh) = J d^x^g 1^ + - + V{^^) 

+ ^^''™"4"^i^m„(a) - SR""^™$(")^n$(„) + | , (13) 

where the tensors T^''^™" and SR™" are defined as follows: 

+ Sl(^Jl^rngkn _ Jl^n gkm ^ Jjfcn^zm _ J^km gin^ ^ 53/?*'='"" , (14) 
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3?™" = (?4i?g"" + g5i?"". (15) 

This action describes a six-parameter nonminimal Einstein- Yang-Mills-Higgs model, 
and qi, q2, ■ ■ ■ , 95 , f are the constants of nonminimal coupling. 



2.3.1. Nonminimal extension of the Yang- Mills field equations 

The variation of the action 5'(nmeymh) with respect to the Yang-Mills potential 
A^"^ yields 

Here the tensor H^^^ is defined as 



rrik 



G{a}{b)Fj^l- (17) 



This equation looks like Maxwell equation for the medium with the susceptibility 
tensor 7^»'=™" and the current vector giDk^'-''^)f{a){b){c)^'-''^ {9'^ + ^'^) induced by 
the Higgs field. 

2.3.2. Nonminimal extension of the Higgs field equations 

The variation of the action ^'(nmeymh) with respect to the Higgs scalar field <i>''°-' 
yields 

bra 3?'""Ai*^''^) = - V"'($2)$(a) _ (^g) 

This equation can be rewritten in the form 

and can be considered as scalar analog of (fT6|) and (|17|) . 

2.3.3. Master equations for the gravitational field 

In the nonminimal theory linear in curvature the equations for the gravity field 
related to the action functional S'(nmeymh) take the form 

R^k - ^i?.9a.) • (1 + <<f - < (b,bk - grkbrab"') <i>' + *^^^^^) . (20) 

The principal novelty of these equations, in comparison with the well-known equa- 
tions for nonminimal scalar field, is associated with the third, fourth, etc., terms in 
the decomposition 
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The first term T, 



ik 



Ti(YM) — 1 171(0) ipmn ipi'^) ip n 



(22) 



is a stress-energy tensor of pure Yang-Mills field. Tfie second one, T^^\ 

T;f ) = bM^^Dk^ia) - \9ikbm^^''^b^^(a) + \V{^'') Qik (23) 

is a stress-energy tensor of tlie Higgs field. The definitions of other five tensors are 
related to the corresponding coupling constants qi, q2, . ■ . , q^: 



(24) 



T\"^ = -\9^k\Drnbl 



2 ' 



(25) 



FIP^^ = -^9ikR'^"'^''FjnlFis(a) - (F^^^Rknls + -'^fe'(a)^m(s) 



n{a) ■ 



i(a) 



(26) 



Tir> = (R^k - ^Rg^k) bm^^''^b^^^,)+Rbi^^^^bk^(^^) 



+ (^gikbr^b" - bibk) 



(a) 



(27) 



-'■ik — 



i?r£'fc*(a) + RkF>i^{a) 



+ -j^9ikF>mDn 



(a) 



+ A 



(a) 



-A 



A*^"^A$(a) 



(28) 
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2.3.4. Bianchi identities 

The Einstein tensor Rik — \gikR is the divergence-free one, thus, the tensor 
T^^^^^^^ in the right-hand-side of (l20|) has to satisfy the differential condition 



(1 + 



(NMYMH) 



(29) 



One can prove that it is vahd automatically, when F^^^^ is a solution of the Yang- 
Mills equations (|16p. and satisfy the Higgs equations (fT8| . In order to check 
this fact directly, one has to use the Bianchi identities and the properties of the 
Riemann tensor: 

iRklmn ~l~ l^ikmn ~^ ^ kRlimn — , Rklmn ~^ R-mkln ~^ R-lmkn — , (30) 

as well as the rules for the commutation of covariant derivatives 

(ViVfe - VkVi)A' - A"'R'^ik , (31) 

(this rule is written here for the vector only) . The procedure of checking is analogous 
to one, described in Ref. [35] and we omit it. 



3. Isotropic cosmological model associated with six-parameter 
nonminimal EYMH theory 

Generally, the application of the EYMH model to cosmological problems requires 
the spacetime to be considered as anisotropic one. Clearly, when the spacetime is 
isotropic, the Einstein tensor in the left-hand-side of (pO| is diagonal, while the ten- 
sor j'^CN'^Y^H) ^j^^ right-hand-side is generally non-diagonal. This can be also mo- 
tivated by the analogy with Einstein-Maxwell theory: it is well-known, for instance, 
that the minimal models with magnetic field are inevitably anisotropic and can 
be properly described in terms of Bianchi models. Nevertheless, as it was shown in 
Ref. mi the nonminimal extension of the Einstein-Maxwell theory admits the models 
in which the spacetime is isotropic while the magnetic field is non- vanishing. Below 
we discuss the first example of analogous problem in the framework of nonminimal 
EYMH theory. Our goal is to present explicitly an exact solution to the equations 
of spatially isotropic EYMH model. When the Yang-Mills field is non-vanishing, 
the stress-energy tensor (|2T|) is non-diagonal, as in the case of Einstein-Maxwell 
theory, thus, the symmetry of equations for the gravitational field is, generally, 
broken. Nevertheless, we will indicate a special choice of the coupling parameters 
qi, q2, . . . , 95, ^, for which one can guarantee, that these equations become self- 
consistent. Since the de Sitter model is associated with the spacetime of constant 
curvature, we consider a number of properties of desired solution without solving 
the master equations. 
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3.1. Constant curvature spacetime 

and restrictions on the Yang-Mills-Higgs fields 

We consider isotropic cosmological models with constant curvature iir!^ For these 
spacetinies the Riemann tensor takes the form 

Rikmn — ^ {,9im9kn QinQkra) ('^^) 

and the Ricci tensor, the Ricci scalar are 

R^k - -iKg^k .. R = -12K . (33) 

The tensors TZikmn and SRifc, introduced phenomenologically, can be transformed 
into 

Ti-tkmn = -Ki6qi + 3q2 + qa) igtm9kn - gingk-m) , "^ik = -3if (4^4 + q^)gik ■ (34) 

Then, the iJ^*^^ tensor and the ^''^^^ vector simplify significantly, and the equations 
P?)l and (fTO|) convert, respectively, into 

[1 - 2X(6<7i + 3^2 + -73)]^^^^^^) - -G[l - iK{Aqi + -75)]/(a)(6)(c)i^^'i>^'^$^'^ , (35) 

[1 - 'iK{AqA + gs)]^™^"*'"' = [12^^ - y ($2)] $(°) . (36) 

We focus on the case, when the equation for the Yang-Mills field turns into identity 
for arbitrary (non- vanishing) F^^\ It is not possible, when the EYMH theory is 
minimal one. Nevertheless, in the framework of nonminimal EYMH theory with 
non-vanishing Higgs field, <I>*^°) ^ 0, the Yang-Mills equations admit an arbitrary 
non-vanishing solution, when 

2(691+392 + 93) = 3(494 + 95) - (37) 

If (P7|) is valid, the Higgs equations are self-consistent, when 

[I2$if - y'($2)] = 0. (38) 

In its turn, it is possible in two cases: first, when V{^'^) is a linear function of its 
argument, 

9A 

<I>'^°) being arbitrary, second, when $^ is constant satisfying the equation ([38| . 

3.2. One-parameter nonminimal EYMH model 

In order to obtain an analytical progress in the searching for the solution to the grav- 
ity field equations let us consider the one-parameter model, which is characterized 
by the following conditions: 

'?i='?4 = TTF. 92 = 93=95 = 0, V{<^^) = — +^i^\ ^=T^- (40) 
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These conditions guarantee that the Yang-MiUs equations and the Higgs equa- 
tions (|18p are the trivial identities for arbitrary F^^^-^ and The Einstein equa- 
tions for this case take the form 

3Kg,k (1 + = < [D^Dk - g^kDpD'') + | Vi^^)g^k 

+ ^ {d,D, - g^kDpD^) [P^r^lFj:) - 2b„M''^b^<^^,^] . (41) 
It can be reduced formally to ten equations for one scalar function 

V.VkW ^Kg,kW , (42) 

where 

W = Fi^'^i^faT - '2b^'f^-'>b"'<^^a) + 24Xe$2 + M /"^ _ (43) 



Let us consider the integrability conditions for such system and calculate the com- 
mutator of the covariant derivatives ICijk = [ViVj — WjWi]WkW. On the one hand 
with ([31]) this commutator yields directly 



/C„fe = ~K {g.kVjW - gjkV^W) . (44) 

On the other hand due to ([3T|) 

IC^jk - -R^Mj^pW = ~K {g.kVjW - g,kV,W) . (45) 

Thus, the integrability conditions are satisfied identically, and the equations 
are completely integrable. 

3.3. De Sitter spacetime 

In order to represent the exact solution to (142p explicitly we consider the model 
with positive curvature, K > 0, and reduce the metric to the de Sitter form- ° 

ds^ = + cxp{2VKt}{Tjafidx"dx^) , (46) 

where a, /3 = 1,2,3 and ?7a^ is the spatial part of the Minkowski metric with the 
signature (—,—,—). Then splits into three subsystems 

dfW-KW^O, da[dtW - y/KW] ^ , 



dcdpW -f 77„/3VXexp{2\/K'i}[atT4^ - ^/KW] ^ , (47) 
which can be readily solved 

W = Cie^* + Cae-^* -t- e^* [L^x°' + C2Krio,0X°'x'^] . (48) 



12 A. B. Balakin, H. Dehnen and A. E. Zayats 



Here Ci, C2 and La are arbitrary constants. Thus, we obtain an exact solution of 
the total EYMH system of equations for which the Yang-Mills field Fmn and the 
Higgs fields ^^"'^ are connected by unique condition 

= Cie^* + Cae^^* + e^* [L„a;" + C2Kr)apx''xf^] . (49) 

Clearly, there exists a lot of various Yang-Mills-Higgs configurations, which satisfy 
this condition. 



4. Discussions 

1. The main mathematical result of the presented paper is the establishing of a 
new self-consistent nonminimal system of master equations for the coupled Yang- 
Mills, Higgs and gravity fields from the gauge- invariant nonminimal Lagrangian 
()13p . The obtained mathematical model contains six arbitrary parameters, and, 
thus, admits a wide choice of special sub-models interesting for the applications 
to the nonminimal cosmology (isotropic and anisotropic) and nonminimal colored 
spherical symmetric objects. The applications require the phenomenological cou- 
pling constants gi, 92, 95 and ^ to be interpreted adequately. Following the 
idea, discussed in Ref. [131 we intend not to introduce "new constants of Nature" , 
but to relate the phenomenological parameters with the constants well-known in the 
High Energy Particle Physics, on the one hand, and with the constants of cosmologi- 
cal origin, on the other hand. Indeed, in the specific cosmological model, established 
above, the sixth phenomenological parameter ^ is expressed in terms of the square of 
the effective mass of the Higgs bosons /i and constant curvature K, ^ — jjj^- Other 
parameters are expressed in terms of K (see PO)) ). Since in the de Sitter model the 
Hubble constant is H = y/K, one can say that (71, (72, • • ■ , 95 are connected with H. 
Analogously, one can consider the equality = K ~ j and thus, one can say that 
they are connected with the cosmological constant A. In any case the parameters 
of nonminimal coupling gi , (72 , ■ • ■ , 95 can be expressed in terms of cosmological 
parameters K, H or A, and define a specific radius of curvature coupling, = 
and the corresponding time parameter tq = Vqj c. 

2. The curvature coupling modifies the master equations for the Yang-Mills 
and Higgs fields. According to ifTH)) a new tensor i?^*^^ appears (see (HZ])), which is 

an analog of the induction tensor in the Maxwell theorjES. This means that the 
curvature coupling of the non-Abelian gauge field with gravity acts as a sort of 
quasi- medium with a nonminimal susceptibility tensor T^**^™" (see (fTTj) ). As well, 
the curvature coupling modifies the master equations for the Higgs field, and the 
tensor JR™", according to (fT8|) . can be indicated as a simplest nonminimal suscep- 
tibility tensor for the Higgs field, and the vector ^f^^^ (see (fT9|)) can be defined 
as scalar induction. For the specific set of coupling constants (see (|37|) . (j40|)) the 
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non-Abelian induction and the scalar induction '^V^-, can turn into zero, de- 

(a) (a) ' 

spite the fact that the Yang-Mills field strength F^^j and the Higgs field <I>^°^ are 
non- vanishing. This means that, when ((37| holds, the possibility exists to satisfy the 
nonminimally extended Yang-Mills and Higgs equations for arbitrary F^^-^ and 
This possibility gives, in principle, a new option for modeling physical processes in 
Early Universe and shows very interesting analogy between this nonminimal model 
and resonance phenomena in plasma physics. Indeed, when we deal with plasma 
waves (for instance, with the longitudinal waves) one can see that electric induction 
D is connected with the longitudinal electric field with the frequency ui by the 
relation D = s\\E\\. Here e|| is the longitudinal dielectric permittivity, the simplest 
expression for this quantity can be obtained in the limit of long waves and gives 
£|l = 1 ^ where Hp is the well-known plasma frequency. When uj — Qp, one 
obtains D — and electrodynamic equations are satisfied for arbitrary | . Analo- 
gous feature can be found in the nonminimal model described above (see Eq. ([35])). 
Indeed, the quantity K with the dimensionality of squared frequency (c = 1) can 
be regarded as an analog of Qp, the quantity 2{6qi + 3q2 + gs) can be indicated as 
l/w^, then the term 1 — 2K{6qi + 3g2 + 93) plays a role of effective permittivity 
scalar Sq. When this effective permittivity scalar vanishes, i.e., when the constants 
of nonminimal coupling are connected with the constant curvature K according to 
([37]) . we obtain the resonance case, for which the Yang-Mills and Higgs equations 
are satisfied identically for arbitrary strength field tensor F^^^^ and Higgs multiplet 
the color induction i?^*^^ being equal to zero. 

3. The vector potential of the Yang- Mills field A^"' enters the master equations 
via the gauge covariant derivative Dfc, thus, the gauge field generates an anisotropy 
in the spacetime. Such an anisotropy, in general case, breaks down the symmetry 
of the model and produces the isotropy violation. Nevertheless, as it was shown 
above, the nonminimal coupling can effectively screen the anisotropy and guarantee 
the symmetry conservation. In the framework of this model one can speak about 
hidden anisotropy of the Yang-Mills field, keeping in mind that non-Abelian gauge 
field enters the master equations for the gravity field in the isotropic combinations 
only. 
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